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(54) Constructing profiles to compensate for non-linearities in image capture 

(57) A chart having color patches., each color patch 
including information which permits the mapping of a 
digitized color image from an image captured by various 
means to construct a Profile usable in modifying the tone 



scale and color of the digital image, the number of color 
patches being greater than 24 and being sefected to 
compensate for non-linear characteristics of image cap- 
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lightness and chroma. This was done in order to effec- 
tively sample a large scene color space. The neutral 
paiches were composed of patches varying in lightness 
from white to black and are used for the tone and gray 
scale reproduction. The neutrals in this case were com- 
posed of spectrally nonselective pigments over the vis- 
ual spectral range. 

[0015] in the case of the reflective color patches, they 
were arranged on approximately an 8 x 10 inch board 
for portability and ease of use. The chart 1 30 was used 
as an element in a scene 120 iliuminated by a light 
source 110 using conventional film capture. An image 
of the scene was captured by a conventional camera 
140 on film 150 as a latent image record of exposures 
of the elements of the scene. The film was chemically 
processed {not shown) by conventional means to pro- 
duce an image. The film image was scanned in a scan- 
ning device 160, resulting in digital code values for the 
picture elements (pixels). These digital values were in- 
put to a computer 180 containing a software program 
contained on a dish 1 90. The color chart was measured 
colorimetrically by a conventional spectrophotometer or 
colorimeter (not shown), and the resulting datasupplied 
to the computer on the same d is k 1 90 or by other means . 
The software program used the code vaiues and the 
colorimetric data to construct a Profile. The term "Pro- 
file" means and refers to "a digital signal-processing 
transform, or collection of transforms, plus additional in- 
formation concerning the transform(s), device, and da- 
ta."(from Digital Color Management, Edward Giorgianni 
& Thomas Madden, Addison-Wesley. 1 997). The Profile 
making proceBS is explained in further detail below. Pro- 
files made in accordance with the present invention 
were used by image processing computer software to 
produce a colorimetrically accurate reproduction or a 
preferred color and tone scale reproduction of the orig- 
inal scene by means, for example, of a color printer 1 95. 
[0016] Referring to FIG. 2, acotorchart 230 was used 
as an element in a scene 220 iliuminated by a light 
source 21 0 using a digital camera 240 as a capture de- 
vice in the imaging system. These digital values were 
input to a computer 2B0 containing a software program 
contained on a disk 290. The color chart 230 was meas- 
ured colortmetricaliy by a conventional spectrophotom- 
eter or colorimeter (not shown), and the resulting data 
suppliedto the computer on the same disk290. The soft- 
ware program was employed using the code vaiues and 
the colorimetric data to construct a Profile. This Profile 
was used to produce a colorimetrically accurate repro- 
duction orapref erred color and tone scale reproduction 
of the originai scene by means, for example, of a color 
printer 295. 

[0017] Referring to FIG. 3, a Profile for a scanner 340 
was directly created by scanning a chart 330. The digital 
values from the scan were input to a computer 380 con- 
taining a software program contained on a disk. The 
color chart 330 was measured colorimetrically by a con- 
ventional spectrophotometer or colorimeter (not 



shown), and the resulting data supplied to the computer 
on the same disk 390. The software program used the 
code values and the colorimetric data to construct a Pro- 
File. This Profile was used by image processing compu- 

s ter software to produce a coiorimetrically accurate re- 
production ora preferred color and tone scale reproduc- 
tion of the originai scene by means, for example, of a 
color printer 395. It should be noted that, with this meth- 
od, the scanner captures an image of any object, for ex- 

10 ample a painting, whose coiors are not limited to those 
produced with a set of photographic dyes, and that the 
Profile created with the use of the said target permits a 
more accurate reproduction of the said object than has 
heretofore been possible with photographic dyes. 

is [0018] Digital imaging systems may typicaliy employ 
alechnique known as color management to provide the 
desired color and tone characteristics of an output im- 
age. An embodiment of this color management tech- 
nique is diagrammed in FIG. 4B. The image is acquired 

20 by an image Capture Device 440, which may be a digital 
camera, a film scanner, a print scanner, or other device. 
The digital Image Data 445 from the image Capture De- 
vice is input to Image Processing Software 450 residing 
in a host computer (not shown). Also input to the Image 

25 Processing software are a Capture Device Profile 470 
and a Display Device Profiie465. These Profiles contain 
information about the color processing characteristics 
of their respective devices. The Image Processing Soft- 
ware uses this information to produce Modified image 

30 Data 460 which Is then supplied to an Image Display 
Device 455. The Image Display Device may be a ther- 
mal printer, ink jet printer, electrophotographic printer, 
photographic printer, cathode ray tube (CRT) display, 
liquid crystal display (LCD), or other dispiay device. 

35 [0019] A Profile for use by a color management sys- 
tem is created by a process like that shown in FIG. 4A„ 
where colorimetric data 410, often in the form of a target 
description file (TDF) for a target (not shown), is com- 
bined with digital Device Code Values 420 relating to the 

40 same target in a mathematical process such as Least- 
squares Regression 415 to produce a mathematical 
model such as a Polynomial Model 425. This model was 
then used to construct a Profile 430 containing one or 
more transforms and other data describing the device- 
's [0020] In the case of an image capture device, the 
colorimetric data is typically obtained by measuring with 
a spectrophotometer or colorimeter a target which is 
then captured by the image capture device. The image 
capture device produces a digital image of the target, 

so from which the device code vaiues are obtained. In the 
case of art image display device, the process is re- 
versed; device code vaiues fora digital target image are 
supplied to the device, which then produces a reai im- 
age, either hard copy in the case of a printer, or softcopy 

5$ in the case of a CRT or LCD. The colors of this real im- 
age are then measured with the aforesaid spectropho- 
tometer or colorimeter. Sn either case, colorimetric data 
and device code values are combined in the process 
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transform. This Profile is ttien used to subsequently con- 
vert images obtained with the capture device and con- 
vert them to the original scene coiorimetry or to a pre- 
ferred color or tone scale rendering. 
[0028] It is well known to those skilled in the art that 
the colors reproduced on : or produced from, common 
color image capture devices generaily are notcolorimet- 
ric matches of the colors originally captured by the ele- 
ment. Colorimetric errors can be caused by the color re- 
cording and coior reproduction properties of the capture 
element and system. The distinction between the color 
recording and color reproduction properties of a capture 
element is fundamental. Color recording by a color im- 
aging device is determined by its spectral sensitivity. 
The spectra) sensitivity of a capture element is a meas- 
ure of the amount of exposure at a given waveiength 
required to achieve a specific capture response. Color 
reproduction by an imaging system depends not only on 
the coior recording properties of the capturing element 
as described above, but also on all subsequent steps in 
the image forming process. The coior reproduction 
properties of the imaging element or system can vary 
the gamma, color saturation, hue, etc. but cannot fully 
compensate for problems caused by spectral sensitivi- 
ties which are not correlates of the human visuai system. 
Metarners are an example of such a problem. Metamer- 
ism occurs when two stimuli with different spectral re- 
flectance appear identical to the eye under a specific 
illuminant. The term "Metamer" is defined as "property 
of two specimens that match under a specified illumina- 
tor and to a specified observer and whose spectral re- 
flectances or transmfttances differ in the visible wave- 
lengths" (as described in ASTM E284, Standard Termi- 
nology of Appearance), A capture device whose spec- 
tral sensitivities differ from that of the human visuai sys- 
tem records the stimuli differently. Once recorded as dis- 
parate, a capture device's color reproduction will only 
amplify or minimize that difference. 
[0029] In certain applications, it is desirable to form 
image representations that correspond more closely to 
the colorimetric values of the colors of the original scene 
recorded by the capture device rather than form image 
representations which correspond to the reproductions 
of those colors by the device itself. Examples of such 
applications include, but are not limited to, the produc- 
tion of medical and other technical images, product cat- 
alogues, magazine advertisements, artwork reproduc- 
tions, and other applications where it is desirable to ob- 
tain color information which is a coSorimetricaliy accu- 
rate record of the colors of the original scene. In these 
applications, the alterations in the color reproduction of 
the original scene colors by the color recording and color 
reproduction properties of the imaging element are un- 
desirable. 

[0030] Broadband colorants were used so as to ap- 
proximate real world colorants common to scene ele- 
ments typically captured by film systems, digital camera 
systems, and to a lesser extent, digital scanning sys- 



tems. The broadband colorants minimize metameric dif- 
ferences caused by different illumination devices. Nar- 
row band colorants used in the chart would have been 
more prone to metameric induced errors. 

Example 1 : Color chart captured using color negative or 
color positive film and subsequently scanned. 

|p031] A color negative film was scanned, The scan- 
J0 ning of that color negative films result in a non-linear 
relationship beiween the output code values of the scan- 
ner and the original scene coiorimetry. It has been de- 
termined that adequate accuracy within the color mod- 
eling could be significantly improved by increasing the 
is number of color patches. Therefore, a more robust tech- 
nique was sought incorporating more patches and sub- 
sequently a better sampling of cotorspace. A color chart 
containing 264 patches of approximately ten hues of 
varying lightness and chroma was made. Due to the ad- 
20 equate color sampling of the color patch collection, the 
Profile modeling technique provided a robust Profile for 
this non-linear imaging system. 

Example 2: Coior chart captured using a digital camera. 

25 

[0032] An image of the scene was captured using a 
Kodak DCS460 digital camera. The resulting digital 
code values for the picture elements (pixels) of the Im- 
ages were input to a computer. The color chart was pre- 

30 viously measured coSorimetricaliy by a conventional 
spectrophotometer or colorimeter, and the resulting da- 
te supplied to the same computer as the digital image. 
The software program used the code values of the dig- 
ital image and the colorimetric data to construct a Pro- 

35 file. This Profile was used by image processing compu- 
ter software to produce a colorimetrically accurate or 
preferred color rendition reproduction of the original 
scene by means, for example, of a color printer, 

40 Example 3: Improvements in Profile accuracy using a 
larger patch set. 

[0033] In characterizing a scanner as a real world col- 
orant input device, the quantity of palches was corn- 

& pared for resultant color accuracy. For those skilled in 
the art of color, the metric of CIELab aE was used to 
characterize system performance. This metric incorpo- 
rates both lightness and color error and is common to 
colorscience practices. Coior accuracy data was caicu- 

so lated using a 24 coior patch set and a 264 color patch 
set The mean error using the 24 patch set was 3.66 AE 
for the Profile development. The mean error of the 264 
patch set was 2.23 At. This improvement demonstrates 
the reduction of color error in using larger color patch 

55 sets for Profile generation . 
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